BACKGROUND: Although therapeutic hypothermia has been shown to be effective on surgical site infection and postoperative pain in patients undergoing elective surgery, its exact effect on emergency laparotomy remains unclear. In this study, we aimed to investigate the effect of therapeutic hypothermia on superficial surgical site infection and postoperative pain in patients undergoing urgent open abdominal surgery.
INTRODUCTION
Therapeutic hypothermia (TH) was first described by Hippocrates. It was used for pain relief by ancient Egyptians, Persians, and Romans. TH is still used for pain relief in various injuries, diseases, and invasive approaches. [1] [2] [3] Hypothermia curs in the subcutaneous tissue of incision within 30 days after operative procedure. [8] SSSI is the most common nosocomial infection (30%) that causes high morbidity and mortality. [9] The SSSI rates have been reported to be 5% after aseptic procedures and up to 40% after abdominal procedures that cause contamination, such as colorectal surgery. [10] The effect mechanism of TH in the activation of the immune system against infection is well known: TH decreases the concentration of proinflammatory cytokines such as TNF-α, IL-1β, IL-6, and IL-2 while increasing the release of anti-inflammatory cytokines such as IL-10. [11] [12] [13] Moreover, TH decreases the serum levels of traditional adhesion molecules that have a role in leukocyte transmigration (ICAM-1, E-Selectin, VCAM). [14] [15] [16] Literature reviews indicate that the effect of hypothermia on postoperative pain and surgical site infection has been extensively studied. However, to our knowledge, no study investigates the effect of hypothermia in patients undergoing emergency laparotomy who have been shown to have high rates of surgical site infection. Therefore, this study was aimed to investigate the effect of TH on SSSI and postoperative pain in such patients.
MATERIALS AND METHODS
The study was designed as a single-center and double-blind study, and it was conducted at Mustafa Kemal University Medical School General Surgery Department following the approval of Mustafa Kemal University Clinical Research Ethics Committee (Approval date, January 17, 2015; No. 4298783/05003). The study was funded by Mustafa Kemal University Scientific Research Projects Directory (Decree No. 13660).
The study included 100 patients who underwent emergency laparotomy with midline incision within a period of 1 year from 01/01/2016 to 01/01/2017. Patients with a serious medical disease, obesity (BMI >35), malnutrition, cachexia (BMI <18), immunosuppression, and diabetes mellitus as well as and patients who were receiving corticosteroid treatment and had a history of smoking were excluded from the study.
Preoperative SSSI prophylaxis was performed with intravenous (IV) quinolone (ciprofloxacin, 200 mg IV) 60 min prior to the anesthetic induction. After the induction, the skin hair was removed using a shaving machine. All the surgical procedures were performed under general anesthesia. Anesthesia was induced with IV propofol (2 mg/kg), remifentanil (1 mcg/ kg), and rocuronium (0.6 mg/kg). Anesthesia was maintained with sevoflurane and 50% N 2 O in oxygen. At the end of the surgery, all the patients were administered tramadol 100 mg IV and acetaminophen 1 g for postoperative pain relief prior to extubation.
The patients were randomized by computer, and they were divided into two equal groups: (I) the TH group (n=50) un-derwent TH within the first hour after the surgery, and (II) the control group (n=50) did not undertake TH. The TH group underwent cold therapy with local sterile frozen ice compress (Alkantis ® , France), whereas the control group underwent conventional sterile compress. In both groups, wound dressing was changed every 3 hours, and the surgical site was left closed for 48 hours.
Age, gender, primary pathology diagnosis, history of diseases, preoperative antimicrobial treatment, total blood loss, requirement for blood transfusion, size of incision, and wound type and size were recorded for each patient. Visual analog scale (VAS) scores were determined every 3 h, and the requirement for nonsteroidal anti-inflammatory drugs (NSAIDs) and opioid drugs was assessed for each patient within 48 h postoperatively. Patients with a VAS score of >4 were administered 75 mg diclofenac in a single intramuscular (IM) injection. If the VAS score was still >4 after 20 min, 1 mg/ kg of pethidine hydrochloride (Aldolan ® ) was infused in 50 cc saline solution for 10 min.
All the patients were planned for emergency laparotomy. Both before and after 5 days of the emergency laparotomy, c-reactive protein (CRP), white blood cell count (WBC), albumin, serum total antioxidant status (TAS), and total oxidant status (TOS) levels were measured, and oxidative stress index (OSI) was calculated for each patient. WBC was measured by a fully automated hematology analyzer (Mindray ® , UK). Fasting venous blood samples were centrifuged at 1500 g, and serum was separated. Serum TAS and TOS levels were measured using the spectrophotometric method developed by Erel (Rel Assay Diagnostics Kits, Mega Tıp ® , Turkey). [17, 18] OSI was calculated based on the following formula: OSI (arbitrary unit) = TOS (μmol H 2 O 2 Eq/L) / TAS (μmol Trolox Eq/L). Serum albumin levels were spectrophotometrically measured using an auto analyzer (ArchitectR c8000, Clinical Chemistry Analyzer, Abbott, USA), and serum CRP levels were measured using the nephelometric method (Immage Nephelometer ® , Beckman Coulter Inc., USA).
SSSI was identified based on the Centers for Disease Control and Prevention's National Healthcare Safety Network classification for surgical site infection, and was it followed up for 30 days postoperatively. [19] SSSI was accepted as clinical presentation of rash, edema, local heat elevation, and purulent discharge in the surgical site within this period, and culture analysis and treatment were performed accordingly.
Statistical Analysis
Data were analyzed using SPSS 23 (IBM SPSS Statistics for Windows, Armonk, NY, USA). Normal distribution was tested using the Shapiro-Wilk Normality Test. Variables with normal distribution were compared using the t-test. Variables with nonnormal distribution were compared using Mann-Whitney U test and Wilcoxon test. Categorical variables were analyzed using the chi-square test. Variables with normal distribution were expressed as mean ± standard deviation, and variables with nonnormal distribution were expressed as median (minimum-maximum). Categorical variables were expressed as frequencies and percentages. A p value of <0.05 was considered significant.
RESULTS
The two groups were similar in terms of age, gender, primary pathology diagnosis, size of incision, and wound type and size, and duration of surgery (p>0.05) ( Table 1 ). In addition, the groups were also similar with regards to wound size (cm), duration of surgery, preoperative TAS, TOS, OSI, albumin, CRP, and WBC levels, total blood loss, and requirement for blood transfusion (p>0.05) ( Table 2 ).
Preoperative TAS levels were significantly higher in the TH group compared to those in the control group (1.618±0.253 vs. 1.501±0.232 mmol TroloxEq/L) (p<0.05). Postoperative TOS levels were almost similar in both groups (p>0.05). Postoperative OSI levels were significantly lower in the TH group compared to those in the control group (14.4±2.9 vs. 16.3±3.7) (p<0.05).
The mean VAS scores measured at 0-24 h and 24-48 h postoperatively were the same in both groups (8/6 vs. 8/6, respectively) (p>0.05). However, mean diclofenac consump-tion at 24-48 h postoperatively was significantly lower in the TH group compared to that in the control group (p<0.05). Similarly, mean opioid drug consumption was significantly lower in the TH group both at 0-24 h and 24-48 h postoperatively compared to that in the control group (p<0.05) ( Table 2) . SSSI was detected in 11 (22%) patients in the TH group and in 17 (34%) patients in the control group, and a significant difference was found between the two groups (p<0.05). Moreover, the pathogens isolated from surgical site infections were similar in both groups. The most common pathogen was methicillin-resistant staphylococcus aureus (MRSA), followed by coagulase-negative staphylococci (CoNS), enterococci, and Escherichia coli, respectively ( Table 3 ).
DISCUSSION
TH is known to protect tissues against inflammation through its anti-inflammatory effect. Due to this effect, TH is commonly performed in numerous clinical conditions including traumatic brain injury, spinal cord injury, cardiac arrest, and neonatal hypoxic-ischemic encephalopathy. [20, 21] Although the exact mechanism of TH remains unclear, administration of cold compress is known to have an analgesic effect. This effect is considered to arise from several mechanisms including sensory nerve inactivation, reduced nerve conduction velocity, activation of inhibitory interneurons (gate mechanism), and endorphin release. [4, 5, 22] TH is also known to have a major role in the suppression of neuroapoptosis, reduction of the metabolic rate of neurons, and the inhibition of nitric oxide and reactive oxygen species (ROS). [23] Overproduction of ROS during inflammation leads to an imbalance between ROS production and the antioxidants in the body, thereby leading to tissue degeneration and ultimately to oxidative stress. [24] Moreover, if this imbalance is in favor of oxidative stress, lipid peroxidation occurs, thus leading to apoptosis because of an impairment in the cellular DNA and membrane structure. [25] In the case of antioxidant depletion, however, peroxyl radicals form covalent bonds with each other, thereby causing impairment of membrane functioning and loss of membrane fluidity. In turn, a decrease in membrane potential leads to increased ion permeability, leading to membrane rupture. As a result, the mitochondrial and other organelle contents are released into the cytoplasm, thus causing cell damage/death. [26] Oxidative stress occurs when the tissue damage caused by active oxidants cannot be prevented by the antioxidant mechanism. In addition, oxidative stress triggers protein denaturation, DNA damage, and lipid peroxidation, thus leading to impairment in the metabolic activity. [27, 28] TOS and TAS are commonly measured to predict the total oxidant/antioxidant status of the body. [17, 18] In particular, TAS is used for estimating the activity of antioxidants in serum. [29] To determine the status of oxidative stress, OSI is calculated based on the TOS and TAS levels. [23, 30] In this study, we also calculated OSI to determine the status of inflammatory responses for each patient. Although TH led to no change in the TOS levels, it resulted in a significant increase in the TAS levels and a decrease in the OSI levels. This finding suggests that the ROS in inflammatory tissues are eliminated more effectively, implicating that the extent of tissue damage in patients undergoing TH is relatively lower, and thus, these patients require less analgesics compared to patients not receiving TH.
Risk factors of SSIs include presence of a pre-existing infection, inadequate skin preparation, hair removal and antibiotic choice, administration, and duration. [19] Intraoperative risk factors of SSIs include duration of surgery, blood transfusion, maintenance of asepsis, poor-quality surgical hand scrubbing and gloving, hypothermia, and poor glycemic control. [31] SSSI typically occurs within the first 5 days after surgical procedure. Common laboratory parameters for infection include WBC, CRP, and albumin levels. [32] To prevent SSSI, preoperative antibiotic prophylaxis should be performed, and a second dosage should be administered in surgeries lasting more than 2 h. [33] Most common pathogens causing SSSI include MRSA, CoNS, enterococci, and Escherichia coli. [34] TH decreases the concentration of pro-inflammatory mediators while increasing the release of anti-inflammatory mediators and preventing leukocyte migration. [11] [12] [13] In our study, the risk factors for SSSI and the pathogens isolated from surgical site infections were similar to those reported in the literature. To determine the status of inflammatory responses, we measured the TAS, TOS, and OSI levels in addition to the WBC, CRP, and albumin levels. SSSI was less common in the TH group. Moreover, serum WBC and CRP levels were slightly lower in the TH group compared to those in the control group, although no significant difference was found in the albumin levels between the two groups. We consider that this effect of TH arises from elevated TAS levels because increased antioxidant activity not only prevents excessive leukocyte migration but also eliminates the ROS more effectively, thereby preventing the formation of ischemic and necrotic tissues that establish a favorable local environment for bacterial proliferation.
In conclusion, in patients undergoing emergency open abdominal surgery, TH led to lower requirement for analgesics and lower SSSI rates in the early postoperative period. We consider that TH exerts this effect by elevating the TAS level, eliminating ROS, and decreasing the effects of inflammatory mediators. Nevertheless, further studies are needed to provide more substantial findings related to the role of TH in the prevention or reduction of postoperative pain and SSSI.
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